The current frontiers in the investigation of highenergy particles demand for new detection methods. Higher sensitivity to low-energy deposition, high-energy resolution to identify events and improve the background rejection, and large detector masses have to be developed to detect even an individual particle that weakly interacts with ordinary matter. Here, we will describe the concept and the layout of a novel superconducting proximity array which show dynamic vortex Mott insulator to metal transitions, as an ultra-sensitive compact radiation-particle detector.
Introduction
The physics and the recent observation of a dynamic vortex Mott transition in a superconducting proximity array Nicola [1] together with the evidence of Shapiro steps measured at gigahertz [2] suggest the possibility to design a conceptually new particle/radiation detector. We propose here the layout and of a possible setup of a device. While it is well known that a superconductive device can be used as sensitive detector of various quantities that can be converted in a very small magnetic field signal, it is also know that a superconducting particle detector may exhibit an extremely high-energy resolution, actually proportional to √ E that is particularly attractive because of the small value of the superconducting energy gap (E ≈ meV) to be compared with the typical energetic excitation in a semiconductor (E ∼ eV) and of a gas detector (E ∼ 25 eV). These detectors could be then suitable to detect solar neutrinos, WIMPS and other weakly interacting particles being the sensitivity of these devices proportional to a very small energy deposition [3] .
A superconductive device can, in principle, detect a magnetic flux with sensitivity around 10 −6 0 ( 0 = h/2e ≈ 2.06710 −15 Weber) using a SQUID sensor. Such devices can identify particles and/or photons in the long wavelength, optical, and x-ray range using thermal (bolometric) or non-bolometric effects [4] . However, in general, for the low frequency regime up to microwave/IR wavelengths the photon energy is too small with respect to the noise floor and the response is mainly due to the large number of absorbed photons In the high frequency domain, from the visible to the x-ray domain, such detectors are sensitive enough to probe the signal due to the absorption of a single photon or a single particle [5] Nevertheless, at present, the energy resolution of the best ultrasensitive single photon superconducting bolometric detectors show, down to approximately 20 GHz, an energy resolution near the ideal values due to the intrinsic thermal fluctuation noise [6] .
The bolometric effect, which is behind these devices, is based to the temperature rise induced by particles/incident radiation on a thin superconductor film, measuring the large temperature change of the DC resistance or inductance of the film The mechanism implies that the film remains in a thermodynamic equilibrium throughout the duration of the modulation due to the incident particle/photon illumination [7] . An example of existing high-energy particle bolometric device is the superconducting transition-edge sensor (TES) that works on the cusp of the superconducting transition where even a small change of the temperature will cause an abrupt change in the resistance [8] .
Non-bolometric effects are associated to the occurrence of nonequilibrium phenomena in superconducting thin film [4] or Josephson junction network [9, 10] . A device based on a non-bolometric effect may lead to the detection even of a single photon, for example considering the radiation frequency in the internal Josephson oscillation range, i.e., from megahertz to gigahertz, up to the terahertz domain synchronization effects know as Shapiro steps occur. In this case we detect a jump of the current when the average voltage is an integer multiple of the AC frequency divided by the Josephson constant 2e/h = 483597011 GHz/V [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Another non-bolometric device could be made with a "superconducting nanowire" 100 nm wide. This simple device may operate at a temperature well below the superconducting transition temperature of the corresponding film when the sample is biased just below the critical current. When a "radiation" strikes this wire, a local resistive hotspot forms, inducing a perturbation of the current distribution so that a fast voltage-pulse can be measured [8] In this process vortices have a role in the detection because after the hotspot the superconducting state disappears, being associated to the appearance of a vortex-antivortex pair [13] It is evident that it needs to control the superconducting properties at nanoscale [14] [15] [16] .
The Superconducting Proximity Array as a Radiation Detection
To analyze the possibility of using a proximity superconducting array [1] as a new multipurpose radiation detector, we briefly summarize here some characteristics of the device we assembled It was manufactured on a silicon/silicon oxide substrate where a metallic gold template with four contacts has been grown. The size of the array is 80 μm × 80 μm. On this "template" an array of 300 × 300 = 90,000 Nb superconducting islands was realized. As shown in ref. [1] the device has a period of 270 nm, the island diameter is 220 nm and, considering an island thickness of 45 nm the separation is only 47 nm.
After the application of a magnetic field, Josephson vortices are induced and localized among superconducting islands because of the weaker superconductivity proximity effect of the superconducting-normal metalsuperconducting (SNS) junctions. The vortices will distribute in a regular way among Nb nanodots as a function of the magnetic field. These Josephson vortices can generate different patterns [1] . The configuration of the vortex lattices is a function of f , where f = B/B 0 , with B the applied magnetic field and B 0 = 0 /a 2 = 28.6 mT [1] . Here, a is the distance among Nb nanodots defined by the geometrical pattern of the device. In particular, the system will show the minimum of the differential electrical resistance, dV/dI, at different stable Josephson vortex lattices determined by the parameter f = B/B 0 . Moreover, in addition to the minimum values, the differential resistance shows also a maximum at a fixed magnetic field depending by the ac current level. We have to underline here that looking at the V/I characteristics, the working mechanism is not a depinning phenomenon [1] . The particle-radiation interaction time process in a superconducting proximity array can be expected in the femtosecond time scale and the energies involved in the meV regime. To determine if a superconducting proximity array with the above characteristics could be used as a novel generation radiation-particle detector, a prototype is currently under tests. Preliminary results are briefly described below.
Experimental Setup and Future Tests of the New Radiation Detector
In this section, we describe the experimental layout and the results of the preliminary tests of a device undergoing a radiation. The response of this prototype will be measured using charged particles produced by the DA NE-Beam Test Facility (BTF) http://www.lnf.infn.it/acceleratori/btf/ of the LNF. The BTF is a beam transfer line that allows the diversion of the primary beams (electrons or positrons, 510 MeV, 10 ns bunch length) produced by the high intensity LINAC, mainly with the purpose of testing, characterizing and calibrating particle detectors. The facility provide runtime tuneable electron and positron beams with a wide range of selection both in energy and in multiplicity. One possible BTF setup ("low multiplicity" one) is based on a secondary beam devoted to the stochastic production of single electrons/positrons, for detector calibration purposes, or for the extraction of the DA NE LINAC electron/positron beam. In Table 1 are summarized its main beam characteristics.
To perform experiments at cryogenic temperatures, we assembled a liquid helium cryostat to accommodate the card with the superconducting devices, one of which is connected to the circuit lines for electrical tests. The original cryostat layout with all vacuum flanges is showed in the left of Fig. 1 . On its top, we have the liquid nitrogen filling feedthrough of the internal thermal shield vessel, the liquid helium feedthrough that fills the sample vessel, the electrical feedthroughs used for the I-V measurements, the power supply of the electrical connections of the superconducting coil, temperature controls, and vacuum connections.
The new layout is shown in the right panel of Fig. 1 . The cryostat bottom vessel hosts the electronic card with the proper windows to match the illumination of the radiation provided by the BTF source. In the next, in Fig. 2 are shown the different components that compose the system: a. A plastic PEEK sample-holder with the superconducting device electronic card and the NbTi superconducting coil. This latter components will produce a magnetic field from 0 to 100 mT and sets a Josephon vortex configuration in the device (panels a-c); b. The window flanges are targets of the device relatively to the position of the incoming electron bunch. Moreover, this layout takes into account the possibility to insert from the top flange UV-visible-IR fibers for radiation tests.
We performed a preliminary simulation with GEANT4 program https://geant4.web.cern.ch/geant4/, to evaluate at 500 MeV the e-beam divergence when it interacts with the window passive material in the cryostat. The parameters we considered are as follows: (i) 200 µm of aluminum 7075 of the cryostat external window, (ii) 100 µm of aluminized (Fig. 3) .
The following are some comments on the simulation: (a) 200-300 microns rms are only the contribution of the cryostat window material. The simulation assumes a point source with no emittance. The spot size will be dominated by the size of the BTF beam (1-20 mm) . The angular spread instead, 1-2 mrad, from BTF is degraded to approximately 5 mrad. In the simulation was considered also an X-ray photon production of ∼35 % with an energy distribution below the milliequivalent and a spot size similar to the electronic distribution, with rmsx = rmsy ≈ 200 μm (Fig. 4a-c) .
The irradiation tests at the BTF have indeed to consider the X-ray contribution since the device behaves as a Josephson junction array which has already been demonstrated that are systems sensitive to X-ray radiation [17] . As a consequence, in addition, we will perform radiation tests from UV to visible and up to IR and terahertz range at the LNF. Other particles irradiation tests with conventional radiation sources are in progress or under consideration.
